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Abstract 
To enhance the refinery margins there is always pressure to process different types of crude containing nitrogen and sulfur. 
Nitrogenous and sulfur compounds have adverse effects on the performance of catalytic processes. Studies on the effect of 
sulfur on catalyst and their removal through catalytic treatment have been reported. Whereas systematic study on the 
performance of FCC catalysts and additives in presence of nitrogenous compounds is not well understood. This topic 
deals with studies on effect of model nitrogen compounds like pyrrole (non-basic) on the performance of fluid catalytic 
cracking catalyst and additives. And we have also study the effect of concentration of nitrogen compounds on cracking 
activity of n-hexane and VGO, the reasons for the deactivation of the catalysts seems to be due to deactivation of active 
sites by the strong adsorption of nitrogen compounds Alkali-treated ZSM-5 zeolites produce higher yields of light olefins 
compared to either untreated zeolites or alkali-treatment introduces mesopores to the zeolites and improves their catalytic 
cracking ability. 
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1. Introduction 
The fluid catalytic cracking (FCC) is the secondary process converting middle distillate to lighter products. 
FCC is heart of modern refinery processes. Most FCC units currently operate with some higher boiling 
vacuum distillation bottoms (residue) in feed. Designing a catalyst to tolerate high level of metal contaminants 
in the residue while still maintaining high conversion and selectivity is a challenge. “Cracking” refers to 
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breaking of larger molecules into smaller ones. The catalytic cracking process involves the presence of acid 
catalysts (usually solid acid catalysts such as silica alumina or zeolites which promote a breakage of bond 
yielding pair of opposite charges, usually a carbocation and the very unstable hydride anion. Carbon localized 
free radicals and catalyst ions are both highly unstable and undergo processes of chain rearrangement 
followed by C-C bond scission in position [1, 2]. The main cracked products of fluid catalytic process are 
Liquid Petroleum Gas (LPG), Diesel, Heavy cycle oil and coke. Y-zeolite is the main constituent of FCC 
catalyst. Zeolite is made up of a net work of Si-O-Al atoms. The pore structure of an FCC catalyst determines 
the accebility of feed molecules to active sites. Reaction takes place on catalytically active sites. 
There are two types of acid sites. The Bronsted acid site which donates protons and the Lewis acid sites 
which accepts electrons. Both zeolite and matrix in FCC catalyst contain acid sites. The site where most of the 
reaction takes place is Bronsted site [3-5]. Lewis acid sites are ore in matrix materials. Extra frame work 
aluminum also result in Lewis acid site. The cracking reaction is composite of many reactions. 
1.1. ZSM-5 
ZSM-5 belongs to is pentasile zeolite family, primarily used for octane boosting or LPG maximization. It 
is a stable zeolite with alumina content below 10% and pores in the range of 5.5Ǻ diameter. Because of shape 
selectivity only long chain, low octane gasoline range normal paraffin molecules enters its pores and undergo 
rapid cracking. ZSM-5 is responsible for higher olefins yield. There are two types of ZSM-5 additives used in 
FCC. The first type has higher cracking activity and thus produces higher yields of light olefins with reduced 
gasoline yield. The second type has less cracking activity; it tends to isomerizes straight chain molecules to 
branched hydrocarbons. Thus helps for less LPG make and high gasoline octane. Propylene yield can be 
boosted in existing units with the combination of Y-zeolite catalyst and ZSM-5 additives. 
1.2. Gasoline sulfur Reduction additives 
FCC Catalyst unit contributes over 40% to the refinery gasoline pool. FCC gasoline contains compounds 
like mercaptans, sulfides, disulphide’s, thiophene, and benzothiophene accounting for most of the gasoline 
sulfur. These compounds are formed in the riser either by cracking of heavier sulfur compounds or by 
recombination of H2S with olefins. Typically 2-10% of FCC feed sulfur ends up in gasoline. Thiophene 
compounds are major constituent of gasoline and benzothiophenes are present in higher boiling range gasoline. 
It is understood that thiophene conversion requires hydrogenation by hydrogen transfer (HT) from H-donor 
molecules before cracking as shown below. 
                                                                 R                                        R 
                                                                                                                                                R-C4  +  H2S 
                                                                      HT                                          Cracking             
                                                     S                                        S                      
It is believed that the GSR additives function by cracking of sulfur species in the process to release H2S. 
The dosage of additives varied from 10 to 25 wt% of the total FCC Catalyst inventory and is varied based on 
the feed and product sulphur [6 - 8]. 
1.3. Nitrogenous compounds 
The crude oil is constituted essentially naphthenes, aromatics, and alkanes apart from hydrocarbons, other 
metals, sulfur and nitrogen compounds. Atypical VGO cut contains approximately 25-30% of the nitrogen in 
crude oil. Normally, the nitrogen present in crude oil occurs in high molecular weight molecules. Apart from 
the compounds of small and medium molecular weight with defined structures such as alkyl derivatives of 
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pyridine, quinoline, isoquinoline, acridine and phenanthridine were also present in crude oil. These nitrogen 
compounds are called basic. The other non basic usually include derivatives of pyrrole, indole and carbazole. 
Several approaches like hydro treating, adsorption, liquid- liquid extraction, neutralization, or use of nitrogen 
resistant catalyst can be used to minimize the harmful effects of nitrogen compounds. In the present work, one 
basic nitrogen model compounds have been studied at three different concentrations. The effect of nitrogen 
model n-hexane cracking reaction was assessed by using industrial FCC equilibrium catalyst and additives.  
2. Experimental details 
Materials: Pyrrole (Across Organics), quinoline (Across Organics), and solvent n-hexane (˜ 99.7%) 
(Rankem) of GR grade and commercial equilibrium catalyst (E-cat) and additives sample (Octane booster and 
gasoline sulfur reduction additives) in the form of powder were obtained from BPCL Mumbai refinery. 
2.1. Catalyst characterization 
Catalyst and additives samples were characterized using the following ASTM methods. 
2.1.1. Surface area measurement  
The surface area measurements for catalyst and additives sample were done using nitrogen 
adsorption/desorption measurement with an Autosorb-1MP (Quanta chrome, USA) unit. Nitrogen 
adsorption/desorption isotherms were measured at 196oC after degassing about 50 mg of sample below 10-3 
torr at 300oC for 3 hrs.  
2.2. Thermal gravimetric analysis 
Thermal gravimetric analysis was carried out by using TA Instruments. In a typical experiment a known 
amount of sample is heated in a preprogrammed manner along with reference in required atmosphere 
(N2/He/Air) and the weight changes with temperature and time are recorded. 
2.3. Acidity studies 
The all glass bench scale reactor set up is shown fig-1. A known amount of catalyst (2Gms) and additives 
samples were subjected to cracking in a fixed bed integral glass reactor. Model compound (n-hexane) along 
with fixed predetermined amount of nitrogen compound was introduce through a positive displacement micro 
pump at the rate of 0.14ml/min. the reaction was carried out at fixed temperature (490oC) and atmospheric 
pressure for 60 minutes in all cases. The product collected was weight. A blank run was conducted in each 
case without doping nitrogen compound to treat as base case. Nitrogen (25ml/min) was used as carrier gas 
throughout the experiment. Gas chromatographic analysis for feed and product was carried out only for base 
case. For few selected catalyst and additive sample, pilot scale runs were conducted in PCPLC controlled 
fixed fluid bed reactor in FCC ACE pilot unit supplied by M/s Xytel USA. Actual industrial VGO feed was 
premixed with known amount model nitrogen compound [9, 10]. The runs were carried out at fixed CAT/Oil 
ratio, temperature and pressure. Coke was estimated using online IR analyzer. The product gas analyzed using 
online gas chromatograph (HP 6890) supplied by M/s AC Analytical. The liquid product formed was 
analyzed in SIM DIST GC (HP 6890) supplied by AC analytical Netherlands. 
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3. Result & discussion  
In the first set of experiments model compound n-hexane cracking was carried out in a glass reactor at 
490oC and atmospheric pressure condition for 60mins (fig-1). Based on the literature we have assumed that in 
FCC reaction nitrogen compounds is affecting mainly gaseous products rather than liquid products. Since gas 
and liquid analysis was not done, reaction was monitored based on liquid yield. Hence monitoring the liquid 
yield with and without nitrogenous compounds in feed under constant reaction conditions should reflect the 
influence of nitrogen compounds on cracking reaction. Experimental results for all the experiments are given 
in figs-2 to 4. It can be noticed from the plots that the higher the amount of liquid lower the conversion and 
lower the amount of liquid higher the conversion when compared to base case. Effects of   non-basic (pyrrole) 
model compounds on activity of FCC were studies using model compounds. The studies were conducted at 
three different concentration (500, 1000 and 1500ppm) ranges, catalyst used (plant E-cat) for all these 
experiments is same. It is clear from the results that of nitrogen compounds inhibit the cracking activity of 
FCC catalyst. The extent of activity loss is more in case of basic nitrogen compounds [11, 12]. The second set 
of cracking runs were conducted in fixed fluid bed reactor unit. Total nine experiments were conducted in this 
unit using VGO feed (IBP 350oC-FBP 550oC) with and without nitrogen compounds [13]. Fixed amount of 
catalyst (6.5Gms), 520oC temperature and Cat/Oil ratio of 6.5 with nitrogen as fluidizing agent. The results 
are given Table-1.The product line choked with VGO feed. If use of 500 PPM and above nitrogenous 
compounds deactivates the cracking activity and substantial amount of feed comes out without cracking. 
Hence few experiments were carried out using 100PPM nitrogen compound.  
3.1. Experiment Set Up: 
 
 
Fig. 1. Experimental Glass reactor set up used for studying 
catalytic cracking of model compounds 
 
Fig. 2. Effect of  pyrrole nitrogen compound on cracking of n-
hexane  in presence of FCC Ecat and without additive 
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Fig. 3. Effect of pyrrole nitrogen compound on cracking of n-
hexane in presence of FCC Ecat and GSR additive 
 
Fig. 4. Effect of pyrrole nitrogen compound on cracking of n-
hexane in presence of FCC Ecat and ZSM-5 additive
4. Conclusion 
Basic nitrogenous compounds affect the hydro carbon catalytic cracking reaction. This effect is noticed 
even in presence of additives like LPG/octane booster (ZSM-5) and also gasoline sulphur reduction (GSR). 
Addition of ZSM-5 favors the cracking reaction even in presence of non-basic nitrogen compounds. The base 
case catalyst studies show that tolerance limits for basic nitrogen compounds is less than 500PPM.  
 
Table 1. Run Conditions: Catalyst Weight: 6.5 Gm Temperature: 520oC Cat/Oil: 6.5 
Parameters Base 5% ZSM5 15% GSR 100ppm Pyrrole 
Base 5% ZSM5 15% GSR 
 
Conv. 
 
66.270 
 
70.660 
 
81.750 
 
62.630 
 
72.280 
 
83.410 
 
Coke 
 
3.628 
 
3.805 
 
8.724 
 
3.566 
 
3.393 
 
10.296 
 
Dry Gas 
 
1.854 
 
3.022 
 
2.334 
 
1.666 
 
3.378 
 
2.689 
 
H2 
 
0.054 
 
0.064 
 
0.050 
 
0.050 
 
0.059 
 
0.068 
 
LPG 
 
26.468 
 
30.816 
 
27.640 
 
24.941 
 
35.612 
 
28.252 
 
Gasoline 
 
34.320 
 
33.021 
 
43.050 
 
32.361 
 
29.900 
 
42.173 
 
LCO 
 
14.936 
 
14.140 
 
10.564 
 
16.941 
 
13.052 
 
9.763 
 
HCO 
 
3.1890 
 
2.880 
 
1.680 
 
3.752 
 
2.634 
 
1.722 
 
CLO 
 
15.605 
 
12.309 
 
6.003 
 
16.772 
 
112.131 
 
5.105 
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Table 2. Physico Chemical properties of catalyst and additives. Texture properties 
Catalyst/additives Total S.A (m2/g) Mi SA (m2/g) M SA (m2/g) Mi PV (cc/g) TPV (cc/g) 
E-cat 172 119 53 0.05 0.2 
GSR 185 152 33 0.02 0.2 
ZSM-5 184 124 60 0.10 0.1 
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